The paper studies how boron concentration exerts its influence on the structure of nickel-boron-hydrogen composites. An increase in the concentration of the alloying component of boron in nickel increases the dispersion and leads to the alignment of the micro-profile surface and the formation of the nano-sized structures. Boron is an impurity trap for hydrogen atoms in Ni-B electrochemical composites. The paper also presents the results of the studies of the kinetics of hydrogen desorption from Ni-B electrochemical composites. The hydrogen content in the Ni x -B y -H z samples (9 at.% Boron), measured by the vacuum extraction method, was 600 cm 3 /100 g, which significantly exceeds the corresponding value for electrochemical nickel ~ 100 cm 3 per 100 g. In this respect, deuterium thermal desorption spectrums from Ni-B composites preimplanted with various doses of deuterium ions at T ~ 100 K were studied. It has been confirmed that the structure of the deuterium thermal desorption spectrum is the implantation dose function. The deuterium content for nickel corresponds to the following ratio: Ni: D = 1:1, whereas the ratio for the composite is Ni 95 B 5 [Ni 95 :B 5 ]:D = 1:1.25. Distinct peak with a maximum temperature of 325 K is formed for the nickel. Whereas for the Ni-B composite, the thermal desorption spectrum has a diffuse peak with a maximum temperature of 325 K and a deuterium desorption region where the temperature ranges from 250 to 500 K.
INTRODUCTION
The main requirements for the fuel cells materials were emphasized in [1] : materials for hydrogen storage should have high hydrogen content, low cost of ____________ Voronezh State Technical University, 14, Moskovsky Avenue, Voronezh, 394026, Russia thermal energy for dehydrogenation and fast kinetics of hydrogen desorption at the operating temperatures (80-120°C).
Solid metallic hydrides that reversibly desorb certain amounts of hydrogen are among the various options currently being considered by the researchers [2, 3] . They are attractive as base materials for hydrogen storage due to the simplicity of the process, low operating pressures, and relatively low cost. The complex boronhydrides of Me(BH 4 ) n metals with their high hydrogen content also receive increased attention among researchers. Their synthesis and properties associated with hydrogen storage are discussed in [4, 5] . The increase in the kinetic rates of adsorption and desorption of hydrogen from complex metal hydrides plays an important role in the creation of materials for the storage of hydrogen. Experimental data [3, 6, 7] confirm that changes in the concentration of boron additives in nickel-based electrochemical composites affect the amount of hydrogen within them, which allows us to consider them as a potential hydrogen storage devices, especially for small size technical applications, which may require weight reduction.
The goal of our research is to find the susceptibility to hydrogen accumulation, which takes place during the structure transformation (during the generation of structural and impurity traps) and to study the kinetics of hydrogen desorption from Ni-B electrochemical composites.
EXPERIMENTAL TECHNIQUE
Nickel is chosen from a number of metals, as a material characterized by its tendency to accumulate hydrogen, characterized by catalytic activity.
Ni-B composites were synthesized by electro-crystallization in nickel plating sulfamic acid electrolyte with reversal of boron compounds of the class of higher polyhedral borates Na 2 B 10 H 10 . Electrolysis conditions: current density (i k ) 0.5-4.0 A/dm 2 ; electrolyte temperature 30-50 °C; pH -3.5-4.5. Anodes -Ni-00 nickel. Cathodes -M-1 copper grade. The boron concentration in the Ni-B composite was measured by the spectrophotometric method. The elemental composition of the synthesized materials was analyzed by the x-ray method on DRON-2.0 diffractometer. The structure was examined on UYMB-100АК electron microscope.
The amount of hydrogen incorporated was evaluated by vacuum extraction with a nitrogen trap. The Ni-B composite sample was heated to the temperature of 500 °C in a quartz chamber with a vacuum of 10 -5 mm. The volume of water was calculated based on the pressure difference before and after heating. The introduction of hydrogen-deuterium isotopes and measurements of the spectra of thermal desorption were carried out using the "SKIF" facility, which is described in detail in [8] . The partial pressure of gases was evaluated in a dynamic mode of the APDM-1 and МХ-7304 analytical chamber of the monopole mass spectrometer.
EXPERIMENTAL PART
The paper studies the effect of boron concentration on the structure of nickelboron-hydrogen composites (Figure 1 ). The histograms of the distribution of crystallites by size, depending on their amount for nickel and the nickel-boronhydrogen composite are shown in Figure 2 . From the photographs below it follows that: for nickel, the predominant amount of crystallites ~ 68 % is in the range of 0-400 A 0 , and for nickel-boron the amount of crystallites is ~ 93 % and the resulting structure has an equiaxial shape. The structure of the nano-scale range is being formed. The increased concentration of the alloying component of boron in nickel enhances the dispersion and leads to the alignment of the surface micro-profile.
The correlation of structural transformations in the Ni-B composite and susceptibility to the accumulation of hydrogen is interpreted by the number of defects in the metal structure [7, 9] . In the monograph [9] , it was recommended to evaluate the susceptibility of metals to hydrogen accumulation by structural transformations. Figure 3 , curve 1 shows the principle of transformation of the susceptibility to hydrogen accumulation for a hypothetical metal in the transition from a pure single crystal to an amorphous structure. The experimental proof of the hypothesis of [9] is the dependence of the hydrogen content on the concentration of the nano-forming boron additive in the Ni-B-H composite obtained by the author (Figure 3, curve 2) .
When doping nickel with boron concentration from 2 to 10 at. %, we could trace the meta-morphosis in its structure: crystalline (up to 5 at. %), implicitly pronounced crystalline (6-9 at. %), amorphous structure. The transformation in the structure is illustrated by the growth of extracted hydrogen from the composite sample with an increasing boron concentration in nickel. Synthesis of composites that form a combination of elements in the form of small crystallites, due to the appearance of structural and impurity traps in them creates conditions for the formation of internal structures with an increased number of defects per unit volume.
At a boron concentration up to 2-3 at. percent in nickel, the volumetric content of hydrogen in the metal decreases [3, 7] , it segregates along the boundaries of crystallites and defects in the Granulated Nickel Superalloy (GNS), blocks them, which stops the incorporation of hydrogen. When the concentration of boron is more than 7 at., the transformation of the crystal structure into an amorphous structure is being fixed. As defects in the GNS are generated, they serve as the spots for hydrogen fixation.
In the vicinity of a substitution impurity of a small atomic radius -boron embedded in the granulated nickel superalloy, tensile stresses arise and hydrogen segregates around boron with greater synergism than with nickel. Next, we observe the process of the formation of nickel hydride, which dissociates at a low temperature of 46 °C according to the following scheme: 3NiH 2 → Ni + 2NiH + 2H 2 , based on [6, 7] of the undersigned authors and other researchers [5, 10] . The choice of boron concentration for subsequent thermal desorption studies is based on the feasibility and user-friendly samples in the form of a metal tape (foil) of Nix-By-Hz. composites. The concentration of atomic boron in nickel varies from 5 to 10 at. %, whereas it maintains the monolithic state of the composite sample without modifying the powder consistency. The kinetics of hydrogen desorption from nickel and Ni-B composite samples (1 wt. % -5 atom. % boron) was evaluated by mass spectrometry. The preliminary implantation of the samples was carried out with deuterium ions with an energy of 12 keV (D 2 + energies of 24 keV) and a current density of 5 μA/cm 2 in the dose range of 10 17 -10 18 D/cm 2 at a sample temperature of ~ 100 K. The low temperature was chosen to limit the diffusion mobility of deuterium in samples.
The most characteristic thermal desorption spectra of deuterium from nickel and Ni-B composite samples for various doses of implanted deuterium are shown in Figures 4-6 . As the dose of implanted deuterium increases, a distinct peak forms with a maximum temperature of 325 K. The kinetics of deuterium thermal desorption (TD) spectrum development from nickel and Ni-B composite samples is similar in structure. However, there is a significant difference (Figures 4, 5 ):
1. The spectrum of the TD of the Ni-B composite with a peak temperature of 325 K is strongly blurred.
2. A wide range of deuterium desorption is formed on a temperature scale in the temperature range of 250-500 K.
3. It is planned to shift the peak to low temperatures. The presence of a deuterium desorption region that is long in the temperature scale and the smearing of the desorption peak with a maximum temperature of 325 K indicates the presence of an amorphous phase in Ni-B composites, which is shown in Figure 5 . indicates the attraction of a hydrogen atom with high diffusion mobility to a boron atom with the subsequent formation of a "boron-hydrogen" complex; it is discussed in more detail in the author's monograph [10] .
The interaction potential of a hydrogen atom with an impurity trap by a boron atom was estimated by the following formula:
where Ni E -Young's modulus of nickel is; Ni r -is the atomic radius of nickel; , which indicates a low value of the energy of the "boron-hydrogen" complex [10] .
Therefore, the experimental result obtained by the authors verifies the principle of the transformation of susceptibility to hydrogen accumulation by metals depending on the number of defects and traps for hydrogen atoms in the structure [6, 7, 9, 10] .
CONCLUSIONS
1. The chemical composition of Ni-B composites capable of accumulating hydrogen and retaining it due to structural, impurity traps in the metal structure has been established, and the modes of their synthesis have been compiled.
2. An increase in the concentration of the alloying component of boron in nickel increases the dispersion and leads to the alignment of the surface microprofile and the formation of structures of the nano-scale range.
3. In the presence of boron, the hydrogen permeability of nickel is reduced, since in the vicinity of the impurity substitution of a small atomic radius -boron embedded in the Granulated Nickel Superalloy, tensile stresses occur and 4. The principle of transformation of susceptibility to hydrogen accumulation by metals was verified depending on the number of defects and traps for hydrogen atoms in the metal structure by correlating the hydrogen concentration in Ni -B composites from the time of "aging".
5. It has been proved that the structure of the thermal desorption spectrum of deuterium from nickel and nickel-boron samples previously implanted with various doses of deuterium ions at T ~ 100 K is a function of the implantation dose. As the dose of implanted deuterium increases for nickel, a distinct peak with a maximum temperature of 325 K is formed. For Ni -B composite, the thermal desorption spectrum has a diffuse peak with a maximum temperature of 325 K and a deuterium desorption region in the temperature range of 250-500 K.
6. The content of deuterium for nickel corresponds to the ratio Ni:D = 1:1, and for the composite of Ni-B, the content of deuterium for Ni 95 B 5 corresponds to the ratio Ni 95 :B 5 :D = 1:1.25.
